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The condition of trembling in newborn pigs was not uncommon. Nothing was known of its axtiology and it was hoped that the film of the condition might prompt suggestions for further investigations. Dr. Goodwin believed after carrying out selective matings that the, disease was not hereditary..
The film then followed and Mr. Palmer pointed out the main clinical features of the disease. The trembling, the result of severe tremor, was present at birth and affected the muscles of the head and limbs but not the muscles innervated by the cranial nerves. Providing the pigs could suckle, recovery followed and was usually complete within four to eight weeks. When the pigs were resting the tremor disappeared.
During the discussion that followed it was explained that neuropathological investigations were incomplete. So far only the nerve cells had been examined and these appeared to be normal.
A discussion took place during which there were many requests for further clinical information and many suggestions were made as to a possible diagnosis. It seemed apparent, however, that trying to match this clinical picture with one of the known nervous disorders of infants could not solve the problem of these pigs.
Experimental Hydrocephalus
By JAMES W. MILLEN, M.D., D.Sc.
Anatomy School, University of Cambridge DR. J. W. MILLEN began by reviewing the methods used by other workers in the experimental production of hydrocephalus. The experimental procedure which causes hydrocephalus must operate in one of three ways: (1) by causing an increased production of cerebrospinal fluid, (2) by hindering the free circulation of the fluid, or (3) by interfering with its absorption. Unfortunately in many experimental methods known to cause hydrocephalus the actual mechanism by which the disease is produced is uncertain. He then gave an account of work carried out in the Anatomy School, Cambridge, on the production of hydrocephalus by maternal hypovitaminosis-A of which the following is a shortened version.
Over-production ofcerebrospinalfluid.-One of the earliest attempts to produce experimental hydrocephalus by an increased production of cerebrospinal fluid was made by Dandy (1919) . His experiments were based on the argument that occlusion of the great cerebral vein of Galen, which receives most of the venous return from the choroid plexuses of the lateral and third ventricles, should produce a congestion of the plexuses and lead to an increased production of fluid. Dandy succeeded in producing hydrocephalus in one dog out of ten in which the vein was occluded with a clip. Later attempts, however, by Bedford (1934) and by Schlesinger (1940) to repeat Dandy's experiments in dogs and monkeys were unsuccessful and these investigators attributed their failure to the efficiency of the collateral venous circulation. The work of Bedford and Schlesinger did not prove that a venous congestion of the choroid plexuses might not give rise to a hydrocephalus through an increased formation of cerebrospinal fluid but simply that such congestion could not be produced by occlusion of the great cerebral vein.
Three years ago, with the assistance of a generous grant from the Nuffield Foundation, Dr. Woollam and I began an investigation into the occurrence of hydrocephalus in the young of female rabbits subjected to a severe deficiency of vitamin A. The results of this work, up to the present, suggest that the underlying mechanism responsible for the hydrocephalus in these animals may be an excessive formation of cerebrospinal fluid, and this view is supported by the reported results of vitamin-A-deficiency experiments in farm animals. One of the most interesting aspects of this work has been that the deficient regime has been instituted not in the young or in the mothers after the beginning of pregnancy but a relatively long time before conception.
In order to obviate the possibility of a genetic factor inherent in an inbred strain, female rabbits were bought at intervals from accredited dealers and placed on a diet deficient in vitamin A but nutritionally adequate in every other respect. On this diet the rabbits remained in good health except for the occurrence of xerophthalmia in some animals. After periods ranging from twelve to twenty-eight weeks on the deficient diet the rabbits were mated with normal males. During pregnancy and until weaning the mothers and young were maintained on the same diet.
Since the colony was established 303 young have been born to deficient rabbits in first, second and third litters. Of these 242 were hydrocephalic, 52 normal, and 9 are still alive ( Fig. 1). ;Fio. 1.-Coronal section through the head of a hydrocephalicrabbit, aged 7 weeks, to show the gross dilatation of the ventricles. x 1 4.
In the beginning the diagnosis of hydrocephalus during life presented a problem but after the examination of many litters it was found that the persistence of an anterior fontanelle in the week-old rabbit was indicative of hydrocephalus. In the normal newborn rabbit the anterior fontanelle is always closed. Radiological examination of the skull during the third week after birth revealed a characteristic doming of the skull with thinning of the calvaria and confirmed the diagnosis. Recently Dr. Dickson and I have made ventriculograms on a number of deficient young from 1-3 weeks of age and these have enabled the size of the dilated ventricular cavities to be assessed (Fig. 2) . In the first litters it was found that the incidence of hydrocephalic young increased considerably when the mothers had been on tne vitamin-A-deficient diet for twenty-four to twenty-eight weeks before mating. There was also an increase in the number-of stillborn hydrocephalic young. In second and subsequent litters after still longer periods on the deficient diet almost all the young were hydrocephalic and many were stillborn or died within the first forty-eight hours after birth (Millen and Woollam, 1956 ). Live-born hydrocephalic young maintained on the same diet as the mothers usually died within one to three weeks but occasionally longer survivals, up to forty days were recorded.
After careful investigation the conclusion has been reached that the hydrocephalus produced in these animals by maternal vitamin-A-deficiency is probably due to an overproduction of cerebrospinal fluid by the choroid plexuses. This view of the mechanism responsible for the condition is not in conformity with the generally accepted hypothesis which ascribes the lesions of the central nervous system in hypovitaminosis-A, including hydrocephalus, to some form of disorganization of bone growth resulting in direct compression of the nervous tissues (Mellanby, 1938) .
In the young hydrocephalic rabbits produced in this laboratory no signs of bony compression have been found. On the contrary there was, as has already been noted, a delay in the closure of the anterior fontanelle and a gross expansion of the calvaria. Furthermore in these animals there was a herniation of the cerebellum through the foramen magnum. It is unlikely that such a displacement could occur if, as has been suggested, the hind-brain was compressed by the surrounding bone before ventricular dilatation occurred.
Another possible cause of the condition appeared to be an obstruction of the aqueduct and this was at first thought to be the underlying pathology. Subsequent histological examination of serial sections through the whole length of the aqueduct showed that, whilst the lumen of the aqueduct was distorted, its size, which at its narrowest part is about 0-04 sq. mm. in the newborn rabbit, was not significantly less in the hydrocephalic than in the normal animals. Intraventricular injection of carbon before death has also been carried out in several hydrocephalic animals. In some the carbon has failed to pass through the aqueduct, probably because of debris, but in others the carbon passed freely through the aqueduct into the fourth ventricle and thence into the general subarachnoid space.
If an increased production of cerebrospinal fluid was responsible for the hydrocephalus it seemed likely that a rise in the cerebrospinal fluid pressure might be the first indication of the presence of a vitamin-A-deficiency and might precede the appearance of hydrocephalus. Accordingly attention was turned to surviving young, which had been provisionally termed normal, from mothers on short periods of deficiency. Cerebrospinal fluid pressures in these animals were measured by cisternal puncture and it was found that the cerebrospinal fluid pressures were considerably increased, although the subsequent autopsy did not reveal any detectable dilatation of the ventricular cavities.
Further evidence in support of the hypothesis of an over-production of fluid has been provided by a recent series of experiments which I have been carrying out in collaboration with Dr. Dickson on the effect of giving vitamin A by mouth to young hydrocephalic animals. Thse experiments are in progress and whilst the results up to the present are suggestive further investigations will be needed before they can be considered conclusive. It had been found earlier that survival of the hydrocephalic animals could be considerably prolonged if vitamin A was given at 2 to 3 weeks of age. One grossly hydrocephalic animal was kept alive for five and a half months, during which time a considerable remodelling of the domed sklull took place. He was finally killed only because paralysis of the limbs made it difficult for the animal to feed and look after itself. In the present work intraventricular pressures have been measured at the beginning of the experiment, usually in association with the injection of air for ventriculography, and at intervals of approximately one week. Immediately following the initial measurement vitamin A has been given. Subsequent measurements have shown consistent falls in the cerebrospinal fluid pressures. Depending upon the pressure level at the start of treatment pressures within normal limits have been reached usually within three to four weeks. It is difficult to suppose that these rapid falls in pressure could occur if the cause of the hydrocephalus was compression by the overgrowth of bone or was due to a true aqueductal stenosis.
In this brief review of experimental hydrocephalus greater prominence, than is perhaps justified, has been given to vitamin-A deficiency studies because this aspect of experimental hydrocephalus has been of particular interest to the author and his colleagues. Furthermore it may serve to draw attention to the possibility that the occurrence of hydrocephalus in an infant may be related to a hypovitaminosis in the child or in the mother.
